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22a Sunday, March 6, 2011migration of tumor cells to neighbouring tissue as well as in metastasis to dis-
tant sites in the body via newly formed blood vessels (angiogenesis).
We investigated CXCR4- SDF1a mediated chemotaxis in mouse fibroblasts in
an integrated approach from the tissue to the single-molecule level. First, we
characterized cellular migratory potential upon stimulation with SDF1a in
wound healing assays applying phase contrast microscopy. We find that tran-
siently transfected cells expressing CXCR4 double their migration speed in
comparison to wild type 3T3 cells. Second, we applied single-molecule fluores-
cence microscopy to study the mobility of the G protein-coupled receptor
CXCR4-eYFP in resting cells and upon stimulation with SDF1a. Two fractions
of receptors prior to stimulation were identified: half of the receptors were im-
mobile while the other half exhibited free diffusion with D ~ 0.3 mm2/s on short
timescales (up to 100 ms). At longer timescales receptors showed confined dif-
fusion within micrometer domains. Global stimulation with SDF1a switched
a subset of the receptors from the immobile to the mobile fraction. We predict
that the impact of a SDF1a gradient might lead to asymmetric receptor diffu-
sion and subsequently polarized cell behaviour as seen in the wound healing
assays.
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Gq-coupled plasma membrane receptors modulate cellular functions by
activating phospholipase C (PLC), which hydrolyses the membrane lipid
phosphatidylinositol (4,5)-bisphosphate (PIP2) into the second messengers
inositoltrisphosphate (IP3) and diacylgycerol (DAG). To better understand
the mechanisms that govern these partially independent signals we monitored
in single, living tsA-201 cells levels of PIP2, IP3, calcium, DAG, and PKC
by optical probes and current. We compared (i) activation of (low-abundance)
endogenous purinergic receptors and overexpressed M1 muscarinic receptors,
and (ii) different concentrations of the muscarinic agonist oxotremorine-M
(oxo-M). Whereas the peak responses from reporters of IP3 (LIBRAvIII) and
DAG (C1 domains of PKCg) scale with abundance of receptor or agonist,
downstream production of calcium (Fura4F) and PKC activation (CKAR) do
not. Amplitude and duration of calcium signals elicited by 100 mM UTP,
10 nM oxo-M, or 10 mM oxo-M are almost identical. The only difference is
a shorter latency with 10 mM oxo-M. These data suggest that a relatively low
amount of IP3 is required for calcium release. This interpretation is supported
by the finding that a full-size calcium response can still be elicited after PIP2 is
depleted by recruiting a PI 5-phosphatase to the plasma membrane (by rapamy-
cin-induced dimerization). Duration and late recovery time courses are differ-
ent between IP3 (duration=68 s; toff =55 s) and calcium (duration=110 s;
toff =34 s), suggesting that once a threshold of IP3 is reached, the calcium signal
unfolds. Therefore we conclude that the IP3 requirement for calcium release
must be low. The time point and IP3 level (from LIBRAvIII) at which the cal-
cium response starts can provide an estimate of this IP3 threshold. Supported by
NIH grants NS08174 & GM83913 and the HFSP.
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Absorption of light by rhodopsin isomerizes its 11-cis retinal chromophore to the
all-trans conformation. The rhodopsin then activates a biochemical cascade
that produces an electrical response by the photoreceptor. Eventually, all-trans
retinal dissociates from the opsin and is reduced to vitamin A. The truncated ret-
inal analog, beta-ionone, can pharmacologically activate some types of visual
pigment, mimicking the effects of light. Beta-ionone is not normally found in
the retina, however, vitamin A is present within the photoreceptor and can reach
millimolar concentrations after exposure to bright light. Can vitamin A activate
rhodopsin? In suction electrode recordings from isolated green-sensitive rods of
salamander, exogenous vitamin A decreased circulating current and flash sensi-
tivity, and accelerated flash response kinetics, changes that can also be seen
during exposure to background light. Microspectrophotometric measurements
showed that vitaminAaccumulated in the outer segments, and an in vitro binding
assay confirmed the binding of vitamin A to rhodopsin. These results suggested
that vitamin A activated rhodopsin. In addition, suction electrode recordings
showed that vitamin A improved the relative sensitivity of rods to UV light
and in an in vitro bleaching assay, vitamin A enhanced the bleaching of rhodop-
sin by UV light. Presumably, both effects involved Forster resonance energytransfer (FRET) from vitamin A to the 11-cis chromophore of rhodopsin.
Next, we testedwhether FRETcould be induced by endogenous vitaminA.After
bleaching a large fraction of the rhodopsin in green-sensitive rods to generate
vitamin A, relative sensitivity to UV wavelengths did indeed increase. There-
fore, vitamin A can bind rhodopsin, activate it and also serve as a sensitizing
chromophore.PLATFORM I: Molecular Mechanics & Force
Spectroscopy I
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We introduce a new method to measure the
elasticity and internal viscosity of nanometer
size biological molecules such as globular
proteins. Gold nanoparticles, tethered to
a gold surface by the protein, are driven byan AC
electric
field
while
their displacement is synchronously detected
by evanescent wave scattering, yielding the
mechanical response function of the macro-
molecular sample in the frequency domain.
We apply the method to measure the both
the elastic constant and internal viscosity of
proteins.117-Plat
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The passive elasticity of muscle is largely governed by the I-band part of the
giant muscle protein titin, a complex molecular spring composed of a series
of individually folded immunoglobulin-like domains as well as largely unstruc-
tured unique sequences. These mechanical elements have distinct mechanical
properties, and when combined, they provide the desired passive elastic prop-
erties of muscle, which are a unique combination of strength, extensibility and
resilience. Single-molecule atomic force microscopy (AFM) studies demon-
strated that the macroscopic behaviour of titin in intact myofibrils can be recon-
stituted by combining the mechanical properties of these mechanical elements
measured at the single-molecule level. Here we report artificial elastomeric
proteins that mimic the molecular architecture of titin through the combination
of well-characterized protein domains GB1 and resilin. We show that these
artificial elastomeric proteins can be photochemically crosslinked and cast
into solid biomaterials. These biomaterials behave as rubber-like materials
showing high resilience at low strain and as shock-absorber-like materials at
high strain by effectively dissipating energy. These properties are comparable
to the passive elastic properties of muscles within the physiological range of
sarcomere length and so these materials represent a new muscle-mimetic bio-
material. The mechanical properties of these biomaterials can be fine-tuned by
adjusting the composition of the elastomeric proteins, providing the opportu-
nity to develop biomaterials that are mimetic of different types of muscles.
We anticipate that these biomaterials will find applications in tissue engineer-
ing as scaffold and matrix for artificial muscles.
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Influenza virus belongs to a wide range of viruses that are enclosed in a lipid
envelope. The major spike protein of the viral envelope hemagglutinin (HA)
binds sialic acid (SA) residues of glycoproteins on the plasma membrane of
Sunday, March 6, 2011 23athe host cells. This represents the first step of infection and requires multiple
simultaneous interactions since the affinity between one single HA-SA pair
is very low (10-13 M-1).
The binding interaction of influenza virus adhesion to living cells was
probed by means of dynamic force spectroscopy and force probe molecular
dynamics (MD) simulation. We applied three independent approaches to
measure the unbinding force between influenza virus and a host cell mem-
brane. Using optical tweezers and AFM based single molecule force spec-
troscopy we were able to characterize the binding energy on the single
molecule level. Unbinding events where analysed and revealed a multimodal
rupture force distribution which suggests sequential binding of multiple re-
ceptors. We determined the interacting force between hemagglutinin and
its receptor sialic acid to be ~10pN. Furthermore we used molecular dynam-
ics simulation to gain information about the binding architecture and the se-
quence of the unbinding process. MD simulation allowed us a more detailed
view of the energy landscape that governs the interaction between HA and
its ligand.
The combination of experimental and simulated force spectroscopy covers
a very large force regime and provides information that could not be obtained
with either one or the other method. The techniques are complementary and
provide detailed insights of the molecular interactions involved in influenza
virus attachment.
119-Plat
Mechanical Mapping of Single Proteins at Subnanometer Resolution
using AFM
Felix Rico1, Chanmin Su2, Simon Scheuring1.
1Institut Curie, U1006 INSERM, Paris, France, 2Veeco Instruments, Santa
Barbara, CA, USA.
The structure and function of proteins are
determined by their mechanical stability.
The temperature- or B-factors obtained
from crystallographic data provide an indi-
rect measure of the order and stability of
the protein, together with structural infor-
mation. However, B-factors from crystal-
lography analysis may be related to the
protein packing in the 3D-crystal and are
not quantitative. A direct quantification of
the mechanical stability of proteins based on atomic force microscopy
(AFM) consists in mechanically unfolding individual proteins by pulling
from two points. However, its correlation with protein structure requires addi-
tional measurements. In this work we apply a novel AFM imaging mode based
on force spectroscopy (PeakForce) to simultaneously acquire structural and
mechanical information of membrane proteins. We used the well-known pro-
tein bacteriorhodopsin from Halobaterium salinarum as a model system, ob-
taining topographical and stiffness maps with subnanometer resolution. The
characteristic trimeric organization of the trigonally packed (a = b = 62.5A˚;
g= 120) bacteriorhodopsin was clearly visible with inter-monomer distances
of 3.2 nm. Overlay of stiffness and topography maps allowed the investigation
of nanomechanical properties at the single molecule level providing a map of
the structural stability of bacteriorhodopsin.
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Prions are unconventional infectious agents that have the capacity to trigger
the native prion proteins (PrPC) to adopt a misfolded conformation (PrPSc)
which leads to aggregation and neurodegenerative disease. Although the
mechanism of PrPSc formation is still unknown, partially-folded intermediate
or misfolded states are thought to play important roles in the conversion
and amyloid formation processes. Here, we study the folding of the prion
protein by single molecule force spectroscopy using optical tweezers and pres-
ent the first direct observation of partially structured misfolded states. Single
molecules of recombinant mammalian prion protein held under tension are
repeatedly unfolded and refolded, revealing that the prion protein folds and
unfolds cooperatively as a two-state system, with no observable on-pathway
intermediates. Intriguingly, we observe multiple off-pathway misfolded states
with different lifetimes and extensions. We explore the thermodynamics and
kinetics of these states and characterize the different folding pathways of the
protein.121-Plat
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Helicases are ATP hydrolysis driven molecular motors that processively un-
wind double stranded DNA. In this study we investigate RecQ2 helicase
from Arabidopsis thaliana (AtRecQ2) which plays an important role in geno-
mic maintenance. We use high resolution magnetic tweezers in order to probe
the unwinding of a DNA hairpin by this enzyme in real time under different
external forces. We find an unwinding rate of 7-9 bp/s which is slow compared
to many prokaryotic helicases. Applied forces between 5 and 12 pN only
weakly affect this parameter, while the AT versus GC content of the unwound
DNA has a significant impact. The weak force- but the relatively strong
sequence dependence of DNA unwinding is in disagreement with a passive
ratchet unwinding mechanism. High-resolution measurements reveal that
AtRecQ2 unwinds the DNA in 3-4 bp steps. Beyond the behavior of AtRecQ2
during unwinding we analyze its behavior on single-strand DNA. While failing
to detect single-strand DNA translocation, the data in contrary suggests that
AtRecQ2 diffuses on single stranded DNA. Such a weak contact to single-
strand DNA is supported by the observation that even on a stretched hairpin
configuration the enzyme is capable of repetitive shuffling, i.e. the instanta-
neous restart of DNA unwinding after a terminated event. Based on this we
hypothesize that AtRecQ2 switches between a processive unwinding-mode
on double-stranded DNA and a diffusive-mode on single-stranded DNA in
order to keep a target hairpin constantly open or to search for a new distant
target fork.
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Precise manipulation of single molecules has already led to remarkable insights
in physics, chemistry, biology, and medicine. However, two issues that have
impeded the widespread adoption of single-molecule techniques are equipment
cost and the laborious nature of making measurements one molecule at a time.
To meet these challenges, we have developed an approach that enables mas-
sively parallel single-molecule force measurements using centrifugal force
[1]. This approach is realized in an instrument that we call the centrifuge force
microscope in which objects in an orbiting sample are subjected to a calibra-
tion-free, macroscopically uniform force-field while their micro-to-nanoscopic
motions are observed. We demonstrate high-throughput single-molecule force
spectroscopy with this technique by performing thousands of rupture experi-
ments in parallel, characterizing force-dependent unbinding kinetics of an
antibody-antigen pair in minutes rather than days. Additionally, we verify
the force accuracy of the instrument by measuring the well-established DNA
overstretching transition at 66 þ/- 3 pN. Currently, we are taking steps to inte-
grate high-resolution detection, fluorescence, temperature control and a greater
dynamic range in force. With significant benefits in efficiency, cost, simplicity,
and versatility, single-molecule centrifugation has the potential to expand sin-
gle-molecule experimentation to a wider range of researchers and experimental
systems.
[1] K. Halvorsen, W.P. Wong, Biophysical Journal - Letters 98 (11), (2010).
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Awide variety of cellular processes, includ-
ing replication, transcription, and recombi-
nation, alter the linking number of DNA.
Understanding such processes therefore re-
quires measuring rotation; however, it has
only recently become possible to make
such measurements directly at the single
molecule scale. We have developed a new
instrument, the freely orbiting magnetic
tweezer (FOMT), which permits straight-
forward, direct measurement of rotary mo-
tion in biopolymers.
We demonstrate that FOMT can observe
rotation of a dsDNA tether simply by
